The epidemiology and genetics of microtia-anotia (M-A) were studied using data collected from the Italian Multicentre Birth Defects Registry (IPIMC) and that mothers with chronic maternal insulin dependent diabetes were at significantly higher risk for having a child with M-A. MMI with M-A had higher rates of prematurity, low birth weight, reduced intrauterine growth, and neonatal mortality than infants with isolated M-A and controls. Babies with isolated M-A had, on average, a lower birth weight than controls; the difference was higher for females. The analysis of pedigrees and familial cases suggests an autosomal dominant trait with variable expression and incomplete penetrance in a proportion of cases, or a multifactorial aetiology. Three cases had consanguineous parents, but the absence of M-A among previous sibs does not support autosomal recessive inheritance. (J Med Genet 1995;32:453-457) Microtia and anotia (M-A) are malformations of the auricle ranging from a measurably small external ear with minimal structural abnormality, to an ear with major structural alteration, to total absence of the ear.'
(NMM) with M-A, and 10 (5.8%) had a well defined syndrome. The frequency of bilateral defects among non-syndromic cases was 12% compared to 50% of syndromic cases (p = 0.007). Among the MMI only holoprosencephaly was preferentially associated with M-A (four cases observed v 0-7 expected, p=0.005). No significant variations were identified in the prevalence of non-syndromic cases by geographical area (range 0-62-2-37/10 000 births) or by five month time periods (range 0-21-2-58/10 000 births), nor was there evidence of time trends. When M-A cases were compared to controls, we found that mothers with parity 1 had a higher risk of giving birth to an MMI with M-A, and that mothers with chronic maternal insulin dependent diabetes were at significantly higher risk for having a child with M-A. MMI with M-A had higher rates of prematurity, low birth weight, reduced intrauterine growth, and neonatal mortality than infants with isolated M-A and controls. Babies with isolated M-A had, on average, a lower birth weight than controls; the difference was higher for females. The analysis of pedigrees and familial cases suggests an autosomal dominant trait with variable expression and incomplete penetrance in a proportion of cases, or a multifactorial aetiology. Three cases had consanguineous parents, but the absence of M-A among previous sibs does not support autosomal recessive inheritance.
(J Med Genet 1995;32:453-457) Microtia and anotia (M-A) are malformations of the auricle ranging from a measurably small external ear with minimal structural abnormality, to an ear with major structural alteration, to total absence of the ear.' M-A can occur either as an isolated defect or in association with other defects. Only in a minority of cases has a genetic or environmental cause for M-A been found; in these cases M-A is usually part of a specific pattern of multiple congenital anomalies. For instance, M-A is an essential component of isotretinoin embryopathy, an important manifestation of thalidomide embryopathy, and can be also part of the prenatal alcohol syndrome and maternal diabetes embryopathy. M-A has also been reported in a number of single gene disorders, such as Treacher Collins syndrome, or chromosomal syndromes (for example, trisomy 18).
Even when the cause is unknown, M-A has been described in seemingly non-random patterns of multiple defects, such as the oculoauricolovertebral phenotype (OAV), whose aetiology and pathogenesis, presumably heterogeneous, have yet to be elucidated, and in association with either cervical spine fusion (not necessarily part of the OAV phenotype) or renal malformations.
The epidemiology of M-A has not been adequately studied, with most studies reporting little more than the prevalence at birth,l" or giving data for all external ear defects.5 Only one study, to our knowledge, has given a complete picture of the classical epidemiological features of M-A as the frequency distribution by time, place, and affected subjects.6
We have used the Italian Multicentre Birth Defects Registry (IPMC) data collected on over one million births to describe the epidemiological and genetic features of M-A and to explore potential relationships between environmental, maternal, and infant characteristics and the occurrence of M-A as an isolated defect and in association with unrelated major malformations. (1) isolated (only M-A); (2) MMI; (3) syndromic when the cause, environmental or genetic, was identified. Infants with the OAV phenotype were included among the MMI since its aetiology is unknown, its clinical definition is unclear, and the phenotypic spectrum may include isolated M-A.
Subjects and methods
To identify defects that are associated specifically with M-A (non-random or preferential associations'0), the observed number of occurrences was compared to the expected number using the observed to expected (O/E) ratio. To compute the expected number of occurrences the method suggested by Khoury et al" was used.
. 6 The temporal and spatial distribution ofnonsyndromic cases was analysed by five month periods and by 16 Of the 172 cases with M-A, 48 (27-9%) were MMI. Of the 48 infants, 28 (58-3%) had two defects, 10 (20 8%) had three defects, and 10 (20 8%) had four or more defects (including M-A). Table 2 shows the occurrence of major malformations associated with M-A. Only defects occurring in at least three infants are shown. The defects most frequently associated with M-A were congenital heart defects (31-3%), cleft palate (16-7%), oesophageal atresia (14 6%), and vertebral defects (12.5%).
A high O/E ratio for non-random preferential association was found for holoprosencephaly (O/E ratio 5 4), cleft palate (1 -8), preaxial polydactyly (1-7), oesophageal atresia (1-6), and vertebral defects (1) (2) (3) (4) (5) . Only the association with holoprosencephaly reached statistical significance (four cases observed v 0 7 expected; O/E = 5-4; p = 0 005). There were five infants with associated defects described as part of isotretinoin embryopathy.'4 Of the five infants, only one had the typical combination of microtia, hydrocephalus, and transposition of the great vessels. However, none of the five had been exposed in utero to retinoic acid.
PREVALENCE AT BIRTH BY TIME AND PLACE
The overall prevalence at birth of M-A was 1-46 per 10 000 births (172/1 173 794). The prevalence at birth for non-syndromic cases was 1-38 per 10000 births (162/1 173794), with no heterogeneity among the 16 areas (range 0-62-2.37 per 10 000; X2 183, df 15, p = 0 25) or among 24 five month periods (range 0-21-2-58 per 10 000; x2 18-2, df 23, p=0 75).
There was no time trend (fig 3) . The highest rate (2 58 per 10 000, 13 cases) was observed in July to November 1986; a review of the information available on the 13 cases failed to identify anything in common with clinical presentation, prenatal exposure, maternal residence, and parental occupation and age. II III III III III II II III III III [II III III III [II   IIII III III III III m III IIIIIIIII   II   IIIIIIil ill II  1985  1987 
FACTORS ASSOCIATED WITH M-A
The following analyses were performed only on cases of non-syndromic M-A (isolated and MMI). Cases with M-A were more likely than controls to have been born to a mother with chronic insulin dependent diabetes mellitus (IDDM). The odds ratio, based on four exposed cases, was 8 7 (95% CI 1 2-96 4). Of these four cases, two were isolated microtia and two were MMI (one associated with VSD and one with holoprosencephaly). The occurrence of M-A was not associated with other chronic maternal diseases, maternal or paternal occupation, maternal drug use, smoking, or alcohol consumption. Infants with isolated M-A had, on average, a lower birth weight than controls. This suggests that the factors that cause M-A, even the isolated forms, probably interfere also with fetal growth; that lower birth weight is the result of decreased growth rather than premature birth is supported by the finding that, compared to controls, infants with isolated M-A are more frequently small for gestational age.
Infant characteristics

